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{57] ABSTRACT

A detector having particular utility in a gas chromoto-
graph uses a sensor to produce signals indicative of
parameters of components of a gas. A signal whose
level is related to a gas parameter is generated and
sent to an amplifier. The output of the amplifier 1s

stored and a signal related to the amplifier output sig-

" nal is sent by means of a feedback loop to the input of

the amplifier to compensate for losses in the amplifi-
cation and storage processes.

|

11 Claims, 1 Drawing Figure
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DETECTOR FOR A CHROMTOGRAPH
BACKGROUND OF THE INVENTION

This application is related to a co-pending applica-
tion entitled ZEROING CIRCUIT Ser. No. 492 424
filed Aug. 2, 1974,

The invention relates to detecting a parameter of a
component of a gas in a chromotograph, and more
particularly to detecting a signal level that is indicative
of the parameter. '

Electrical signals are often used to carry parameters
relating to many processes. Several aspects of a signal
are used to represent the values of the parameters; an
important one of these is the highest level which a
signal attains during a particular interval of time. In gas
chromotography for example, in which a gas containing
molecules of different types is separated into its com-
ponent parts, a signal is generated whose level is pro-
portional to the number of molecules that pass a sen-
SOr. *

The chromotograph uses a resistive medium. such as
small pieces of firebrick coated with a heavy oil, to
separate the gas components. A standard-sized sample
of gas is carried through the medium at a constant rate
by a gas such as helium. The resistive medium resists
the passage of the sample gas molecules in proportion
to their size. As a result the molecules of a particular
size tend to bunch together and exit from the resistive
medium about the same time. The smaller molecules
exit first, followed by groups of molecules of progres-
sively larger sizes. Each group of a particular size re-
quires a known amount of time, called the elution time.
to pass through the resistive medium. Each group is
distributed over a small interval of time. usually in a
normal or Gaussian distribution. Since the shape of the
distribution is known and if the Gaussian peaks are
symmetrical, the number of molecules in a group can
be determined from the peak value of the distribution.

The passage of the molecules from the resistive me-
dium is commonly sensed by a thermistor. The passage
of the gas molecules over the thermistor alters the
temperature of the thermistor, which in turn alters its

resistance. The varying resistance is used to modulate
an electrical signal. The shape of the signal will thus be

related to the distribution of the molecules in a particu-
lar group separated by the resistive medium. The peak
value of the signal can then be determined by means of
the invention and will be a measure of the amount of
the component represcnted by the group in the gas
sample.

A peak detector commonly used in chromotography
is electro-mechanical. In this device the signal from the
detector is fed into the recorder and a potentiometer
which varies a voltage level is connected by a shaft to
the recorder mechanism. A friction switch is activated
when the signal level from the detector begins to rise
and remains open due to the friction as long as the
signal continues to rise. However, when the signal
reaches its peak and begins to fall, the frictional force
subsides and the switch closes. The closing of the fric-
tion switch causes the voltage level at the output of the
potcntiometer to be inserted into a storage device. It is
dpparent that such a detector is inaccurate and difficult
to maintain in proper calibration. In addition, its mec-
chanical parts are subject to wear and tear.

[tis therefore an object of the invention to provide a
new and improved detector for a chromotograph that
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overcomes the above and other disadvantages of the
prior art. Other objects become apparent as the inven-
tion i1s described in detail.

SUMMARY OF THE INVENTION

The invention is embodied in an apparatus that de-
tects parameters of a component of a gas by determin-
ing the level of a signal that is indicative thereof. A
detector disposed in the gas produces signals indicative
of a parameter of interest. A generator produces a
signal whose level bears a rclationship to the signals
produced by the detector and directs the signal to an
amplifier. The amplifier amplifies the signal and directs
It to a storage device. A signal related to that produced
by the amplifier is fed back into the amplifier to correct
for signal losses in the amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more fully understood in rela-
tion to the accompanying detailed description of the
invention when read in conjunction with the following
drawing: ’

FIG. 1 1s a schematic diagram of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The chromotograph control circuit shown in FIG. 1
causes the peak value of electrical signals generated by
sensor 10 to be recorded on a chart by recorder 12. A
sequencer 14 times the operation of various portions of
the circuit to correspond to the clution time of various
components of the gas sample being analyzed. For
purposes of simplification of FIG. 1, a gas having only
two components 1s assumed, although the principles of
the circuit are applicable to any number of COMpo-
nents.

Sequencer 14 begins its operation by sending signal
A to zero timing circuit 16 whose output signals E and
F operate zeroing circuit 18. Zeroing circuit 18 main-
tains the output of differential amplifier 20 at a zero
level when there is no sample gas in the chromoto-
graph. Gas currents and ambient temperatures in sen-
sor 10 can cause signals to be sent to amplifier 20 with-
out sample gas in the detector and for the most accu-

rate results should be corrected for before the sample
gas enters the detector. Amplifier 20 is zcroed during

every cycle of the sequencer 14 in the particular con-
trol circuit shown, although it could be zeroed after
every several cycles or in the midst of a cycle between
the elution of individual gas components.

Zero timing circuit 16 simultancously produces two
signals of different durations, a decreasing signal E and
an increasing signal F. Signals E and F can be produced
by such devices as single-shot multivibrators having
different time constants and opposite polarities. In the
tnstant circuit they preferably range in level between
+12 and —12 volts.

Before signals E and F rcach zeroing circuit 18 and
before the sample gas is injected into the chromoto-
graph, amplifier 20 may be producing the undesired
non-zero output signal. The signal enters differential
amplifier 22 through a limiting resistor 24. A second
signal also enters amplifier 22 through another himiting
resistor 26. This signal is a constant DC signal level
which compensates for offset voltage in amplifier 22. It
s derived by dividing a DC signal with a potentiometer
28. The output of amplifier 22 is initially routed
through a standby feedback loop which includes field-
effect-transistor (FET) 30 and a resistor 32. FET 30
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normally has a signal at E sufficient to maintain it n 1ts
conducting state. The feedback circuit through FET 30
serves to prevent amplifier 22 from saturating while the
zeroing circuit is inactive. If saturation were allowed to
occur, the time required for the amplificr to change
from a saturated condition to the operating condition
would delay the operation of the zeroing circuit when it
is activated and thereby cause temporary undesirable
oscillations. Capacitor 34 serves a similar anti-satura-
tion function that will be discussed below.

When zero timing circuit 16 is activated by nstrucs
tion A, signal E causes FET 30 to enter iIts NON-COT-
ducting state and signal F causcs another FET 36 to
enter its conducting state. This opens a signal path
through resistor 38 to allow capacitor 40 to be charged
in relation to the level of the undesired offset signal
emanating from sensor 10 through amplifier 20. The
signal level stored by capacitor 40 causes FET 42 to
conduct a signal through itself and a resistor 44 in
proportion to the level of the signal in the capacitor 40.
Due to the high input resistance of such devices, FET
42 acts as an isolator to prevent drainage of the signal
from capacitor 40. An amplifier 46 amplifies the signal
emanating from FET 42 and feeds the resulting signal
into a resistive biasing network for amplifier 20. The
biasing nctwork includes resistors 48 and 50, and the
signal from amplifier 46 enters the network between
the two. Resistor 50 isolates the zeroing feedback loop
from amplifier 20 to preventits impedance characteris-
tic from upsetting the gain of the amplifier. The feed-
back signal balances the input signals at the two termi-
nals of differential amplifier 20 to produce a zero signal
output with no sample gas in the chromotograph and
thereby cancels the effects of an offset voltage in the
detector.

Since signal E is longer in duration than signal F, FET
36 will return to its nonconducting state before FET 30
again becomes conducting and restores the standby
feedback loop to operation. Thus for a period of time
cqual to the difference in duration of signals E and F,
there will be no feedback loop connected to the outpul
of amplifier 22. This is to prevent there being at any
time a discharge path for capacitor 40 through both
FET's 36 and 30 and resistor 32. To prevent the unde-
sired saturation previously discussed, a capacitor 34 is
placed across FET 30. While FET’s 30 and 36 are not
conducting, the signal from amplifier 22 charges capac-
itor 34, thereby preventing the amplifier from saturat-
ing. The capacitor with its slow charge rate satisfies the
necds of the amplificr until signal E switches FET 30 to
its conducting state and restores the standby fcedback
loop. When this occurs, the capacitor discharges
through FET 30.

After amplificr 20 has becn zeroed, scquencer 14
generates instruction B and sends it to valve 52, which
in response, allows a gas sample of fixed quantity into
sensor 10. Sensor 10 may be a resistive bridge network
that includes resistors 54 and 56 and temperature vari-
able resistors. or thermistors 58 and 60. One of the
thermistors, say 60, acts as a reference. A portion of
the pure carricr gas 1s blown across standard thermistor
60 at 2 constant rate. The sample gas, which is mixed
with the carrier gas, moves through the resistive me-
dium of the chromotograph, and cach component
thereof, after its elution time, exits from the resistive
medium and moves across thermistor 88, The sample
gas in mixture with the carrier gas has a diffecrent ther-
mal conductivity from the carrer gas alone and thus
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removes a different amount of heat from the thermis-
tor. The resulting difference in resistance between
thermistors 58 and 60 causcs a different current to flow
through the resistor S4-thermistor S8 branch of the
bridge than the resistor S6-thermistor 60 branch. This
unbalances the bridge in an amount proportional to the
quantity of samplc gas passing over thermistor 60, and
amplificr 20 receives a different signal from the node
between resistor 54 and thermistor 58 than from the
node between resistor 536 and thermistor 60. The signal
differential is amplified into a proportional output sig-
nal which is sent to a signal level detector circuit 63.

During the interval between the time that the gas
sample cnters the chromotograph and the time that it
reaches the detector, scquencer 14 gencrates instruc-
tion C and sends it to a memory hold and timing control
circuit 62 for component No. 1 of the gas sample. Cir-
cuit 62 first sends a signal to a peak detector discharge
and chart advance circuit 64 in a signal level detector
circuit 65. Circuit 64 sends a signal H to recorder 12
which advances the recorder in preparation for record-
ing the level of component No. 1. The same signal also
causes FET 66 to enter its conducting state, which
opens a discharge path for capacitor 68 through resis-
tors 70 and 72 to ground potential. Capacitor 68 stores
a signal whose level is porportional to the pcak level of
the signal generated by sensor 10 n response to the
passage of a component of the gas sample and must be
discharged in preparation for the next component.

After capacitor 68 has been discharged, the signal
from amplifier 20 reaches one input of a differential
amplifier 74 in circuit 65 through resistor 76. A second
input of amplifier 74 is biased above ground potential
by a resistor 78. The difference between the signal from
amplifier 20 and the bias lcvel provided by resistor 78
is amplified and sent through resistor 70 into capacitor
68. The signal level in capacitor 68 causes FET 80 to
conduct a signal in proportion to that level through a
resistor 82. FET 80 acts as an isolator and prevents
discharge of capacitor 68. The signal appearing bce-
tween FET 80 and resistor 82 is amplified by an ampli-
fier 84. A feedback loop carries the signal back to
amplifier 74 through a resistor 86. The fecedback loop
insures that the signal level at the input of amplificr 74
will be zero, thereby eliminating signal losses due to
resistive drops in amplifier 74 and other components of
circuit 65. The signal level in capacitor 68 is therefore
an accurate indication of the peak level of the signal
generated in detector 10,

The signal from amplificr 84 is also sent to circuit 62
where it is temporarily stored. Circuit 62 then gener-
ates a signal T1 and sends it to a recorder switch con-
trol 88 which in response causes FET 90 to conduct. At
the same time the circuit 62 sends the peak level signal
for component No. 1 in the form of signal G1 to an
attenuator 92, which adjusts the level of the signal
within the range of recorder 12. The attenuated signal
is then recorded by recorder 12,

After component No. 1 has been processed, $¢-
gqucncer 14 gencrates an instruction D and sends it 1o
memory hold and timing control circuit 92, which be-
gins the same process for component No. 2 as for com-
ponent No. 1. The recorder chart is advanced, and
signal level detector circult 1s cleared. The signal level
is detected by circuit 65 and sent to cireunt 92, which
causes it to be recorded by recorder 12 using recorder
switch control circuit 92, FET 96 and attenuator 98.
The same process also occurs for all other components
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of intcrest.
Whilc particular embodiments of the invention have

been shown and described, it is apparent that changes
and modifications could be made without departing
from the true scope and spirit of the invention. It is
therefore the intention in the appended claims to cover
all such changes and modifications.

What is claimed 1s:

1. A gas chromotography circuit for detecting a pa-
rameter of a component of a gas, comprising: sensor
means that produces signals indicative of parameters of
the gas component; means connected to the sensor
means for providing a signal whosec level bears a rela-
tionship to the signals produced by the sensor means;
means for amplifying the signal produced by the pro-
viding means; means for storing the amplified signal,
and means for feeding back a portion of the stored
signal into the amplifying means.

2. The circuit of claim 1 further including means for
zeroing the signal providing means prior to the intro-
duction of the gas to the sensor means.

3. The circuit of claim 1 wherein the signal feedback
means includes means for preventing discharge of the
storing means through the feedback means.

4. Circuit of claim 1 wherein the sensor means com-
prises a bridge network that includes temperature vari-
able resistors.

5. Circuit of claim 4 wherein the signal providing
means is a differential amplifier. |

6. Circuit of claim 4 wherein the storing means is a
capacitor.
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7. In a gas chromotograph: gas scnsor mcans that
produces a signal in response to the presence of the gas;
means for amplifying the signal; capacitor storage
means communicating with the amplifying means; and
electronic switch means having its gate connected to
the capacitor storage means and its output connected
to the input of the amphfier means.

8. A chromotograph detector circuit, comprising:
bridge scnsor means; means connected to the sensor
means for gcnerating a signal indicative of a parameter
detected by the sensor means; an amplifier connected
to the signal generating means; a capacitor connected
to the output of the amplifier; a transistor connected to
the output of the amplifier and the capacitor; and feed-
back means connected between the transistor and the
input of the amplifier.

9. The circuit of claim 8 further including: a transis-
tor connected across the capacitor and means for peri-
odically switching the transistor to a conducting state.

10. In a gas chromotography which generates a signal
that are indicative of parameters of components of a
gas: an amplifier electrically communicating with the
signals; a capacitor connected to the output of the
amplifier; a transistor connected to the output of the
amplifier and the capacitor; and a feedback loop con-
nected between the transistor and the input of the am-
plifier.

11. The circuit of claim 9 further including: a transis-
tor connected across the capacitor; and means for peri-

odically switching the transistor to a conducting state.
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